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Abstract 
Low-temperature scanning tunnelling microscopy and spectroscopy (STM/STS) measurements have been carried out on α-
NaxTiNCl (x = 0.16) superconductors with Tc of 18 K. The STM image clearly reveals the streak patterns along b-axis with the 
spacing of period of § 0.39 nm (= a0) and the circular spots that form a rectangular lattice inside streak patterns. The conductance 
dI/dV dependences on the voltage V show the typical superconducting gap value of Δ § 9.5 meV, leading to a large gap to Tc ratio 
2Δ/kBTc § 12. The dI/dV maps show both a0 streak patterns and the long-periodic modulation with the period of § 1.6 nm, which 
is about 5 times b0 length. Such a long period of the observed charge density wave correlates with the doping degree of Na § 0.2 
and is probably associated with the inverse wave vector of the Fermi surface nested section. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the ISS 2015 Program Committee. 
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1. Introduction 
The layered nitride superconductors MNCl (M=Zr, Hf, Ti) [1] with the maximum critical temperature Tc of 25.5 
K are the unique class of materials, in which Tc values can be systematically controlled by tuning both the inter-layer 
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separation d and the carrier doping level. Recently, the α-type materials (with the rectangular lattice of MN layers) 
were successfully synthesized and showed a liner relationship between Tc and 1/d [2,3]. Such a dependence is quite 
different from that for the typical β-type layered superconductors (with the honeycomb lattice). On the other hand, 
the layers MN of the nitrides ensure the two-dimensional (2D) character of the conductivity. Often, periodic 
modulations of the charge-density-wave (CDW) type emerge in such low-dimensional systems. In this paper, we 
present the low-temperature (T=4.9 K) STM/STS studies of the α-type compound Na0.16TiNCl. As a result, we 
revealed characteristic atomic structures exhibiting relatively long-period charge modulations. 
2. Experimental 
Polycrystalline samples of superconducting α-type NaxTiNCl (x=0.16, Tc § 18 K) were prepared by intercalating 
Na into the host compound α-TiNCl. The details of the sample fabrication were already reported [2]. The crystal 
structure is schematically shown in Fig. 1(a). It has the space group Bmmb. Since the samples were very reactive in 
the humid air, they were prepared in a pure Ar-filled glove box, then, carefully transferred into the ultrahigh vacuum 
(UHV) chamber without being exposed to the air and cleaved just prior STM studies. The STM equipment used in 
this experiment is a commercially based system (Omicron LT-STM) with some modifications [4]. STM/STS 
measurements were carried out at T = 4.9 K under the pressure of ~10-8Pa. A Pt/Ir tip was cleaned by a high-voltage 
field emission process and was attested using the I-z method [5] by the found local barrier height of φ = 2-4 eV. The 
STM topographies were measured by a constant-current mode. The dI/dV curves were obtained by numerical 
differentiation of the measured I-V characteristics with the spatial interval of § 0.05 nm. 
Fig. 1 (a) Scheme of the crystal structure for α−NaxTiNCl; (b) Typical STM image of α−Na0.16TiNCl 
at 4.9 K (V= –50 mV, I=0.3 nA); (c) Schematic picture of the tilted surface and the tip configurations. 
3. Results and discussion 
Figure 1(b) shows the STM image (topography) of the cleaved NaxTiNCl surface. One sees clear streak patterns 
along b-axis with the spacing of § 0.394 nm (= a0). Between them, the circular spots that form the rectangular lattice 
were also observed with the lattice constants of § 0.394 nm and § 0.314 nm (= b0), which were slightly smaller but 
close to the lattice parameters observed by X-ray measurements (a0 = 0.4019 nm, b0 = 0.3274 nm) [2]. In addition, it 
should be noted that such circular spots appear at the "off-centered" positions. This is most probably due to the tilted 
surface of ab-plane that comprises a buckled rectangular Ti-N double layer (See Fig. 1 (c)). Taking into account this 
circumstance and the relevant crystal structure, we conclude that the streak patterns correspond to the outer Ti atoms 
with the Ti-N bonds in the b- direction and the circular spots correspond to the inner Ti atoms (See Fig. 1(b)). Hence, 
calibrations of the tilt were done for all STM images and dI/dV maps. 
To fully understand the atomic arrangements, we measured the bias voltage dependence of the STM images. The 
latter are shown in Fig. 2 for biases (a) –50 mV (c) –70 mV, and (d) –100 mV. 
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Fig. 2 (a) The STM image of Į-Na0.16TiNCl (V= –50 mV); (b) Fast Fourier transform (FFT) of the STM image of (a) and 
its cut along qy direction. Black circles in the 2D-FFT indicate the positions of the Bragg peaks. ; (c) and (d) The STM 
images at V = –70 mV and –100 mV, respectively.
All the STM images clearly show fine structures, i.e. the streak patterns corresponding to the outer TiN bonds along 
b-direction and the circular spots made by the inner Ti atoms. Furthermore, additional bright streaks were found, as 
is indicated by pink-dashed lines in Figs. 2(c) and (d). Fig. 2(b) shows the 2D fast Fourier transform (FFT) of Fig. 
2(a) and its profile along the white line of the 2D-FFT image. The FFT image reveals the long-range order with r-
space periodic structures of 5b0 indicated by the red-dashed circles. Hence, the profile includes the peak at qy/5 
corresponding to those structures. In Figs. 2(c) and (d), the 5b0 structures are shown by pink-dashed lines. Such 
modulations are due to the spatial variation of the surface electron density. To elucidate the nature of those 
periodicities, it is necessary to find by STS the spatial patterns of the local density of states (LDOS). To this end, we 
measured the dI/dV spatial maps. 
Figure 3(a) demonstrates an STM topography, which was obtained simultaneously with dI/dV measurements at 
V= –50 mV. The inset shows a typical dI/dV(V) curve that possesses the gap-edge shoulder. The red-solid line in the 
inset is the fitting curve being the broadened BCS quasiparticle density of states, N(E,Ƚ) = |Re (E-iΓ ) /[Δ2 -(E-
iΓ )2]1/2| and taking into account the thermal Fermi distribution smearing factor at T=4.9 K, f(E)=[1+exp(E/kBT)]–1. 
From the fitting curve, the estimated gap energy is about Δ = 9.5 meV, giving an anomalously large gap to Tc ratio 
2Δ/kBTc § 12. It is, however, almost consistent with our previously observed data for α-KxTiNCl and β-HfNCl [4,6]. 
Figures 3(b) and (c) reveal the dI/dV-maps of the same area as in the Fig. 3(a) but at the biases Vsample =+18 mV 
and –34 mV, respectively. The inset of each dI/dV-map depicts the corresponding 2D-FFT. As shown in Fig. 3(b), 
the charge modulation is observed with the period of § 1.6 nm (depicted by dashed lines), i.e. about 5b0. In addition, 
as is seen in the inset of 2D-FFT image, the peak signals indicated by the red-dashed circles and corresponding to 
5b0 were clearly seen. These features are similar to those found in the STM images of Figs. 2. On the other hand, as 
is indicated by the red dashed line in Fig.3 (c), another type of the weak long-range stripe modulations in the 
diagonal direction of a0+b0 were also observed at voltages between V= –30 and –40 mV. The 2D-FFT image shown 
in the inset of Fig. 3(c) points to the fact that the period of the diagonal-modulation is § 1.7 nm or about 6.75 times 
larger than |a0+b0|. 6LQFHWKLVQLWULGHLVTXDVL-WZR-GLPHQVLRQDODQGWKHORQJ-UDQJHVWUXFWXUHLVFOHDUO\VHHQE\670
LWLVQDWXUDOWRDVVXPHWKDWLVGXHWRWKH&':RIZKDWHYHURULJLQ7KHQHVWLQJYHFWRURIWKHSULPRUGLDO)HUPLVXUIDFH
WXUQHG RXW WR EHT\ VR WKDW EPRGXODWLRQV FRUUXJDWH WKH FU\VWDO VXUIDFH:H QRWH WKDW EDQG VWUXFWXUHV RI WKH
SULVWLQH7L1&ODQG.7L1&OVKRZHGWKH7LG-DQG1S-EDQGFURVVLQJWKH)HUPLOHYHOEHWZHHQΓDQG<SRLQWVLQN-
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VSDFH>@,WLVUHPDUNDEOHWKDWWKH1DLQWHUFDODWLRQGHJUHHLVDERXWGHILQLQJWKHGRSLQJUDWLRRI7L1OD\HUVLV
FRPSDUDEOHWRWKHPRGXODWLRQRIWKHLQLWLDOVSDWLDOZDYHQXPEHUT\
4. Summary and discussion 
The STM/STS measurements on α-Na0.16TiNCl superconductors ZLWK Tc § 18 K were presented. The STM 
image clearly demonstrated the streak patterns along b-axis with the spacing of § 0.39 nm and the off-centered 
circular spots that form the rectangular lattice between the streak patterns. Moreover, the STM image includes also 
different streak patterns with the longer period of 5b0 § 1.6 nm. The conductance curves obtained by the STS results 
revealed the superconducting gaps Δ § 9.5 meV. The conductance maps showed both the a0 streak patterns and the 
large-period spatial modulations of 5b0 § 1.6 nm and 6.75(a0+b0) § 1.7 nm. Such modulations are the manifestations 
of the CDW, which are most probably related to the doping degree § 0.2 of the intercalated Na. The very existence 
of the found CDWs is not at all trivial, since the electronic structure calculations did not detect nested Fermi surface 
sections (see discussion in [8]). However, there is an indirect evidence of the CDW possibility in α-Na0.16TiNCl. 
Namely, the upper critical magnetic field T dependence has a positive curvature near Tc [2], which was long ago 
shown to be generated by the CDW influence [9]. 
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Fig. 3 (a) The STM image of the STS area and a typical dI/dV(V) curve with the gap structure; (b) The dI/dV map 
at V = +18 mV; (c) The dI/dV map at V = –34 mV. Insets in (b) and (c) show 2D-FFT images of each dI/dV map. 
Black circles in the 2D-FFT indicate the positions of the Bragg peaks. 
